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Abstract 



A band-pass filter comprising shunt elements and series elements in which the series elements and the 
shunt elements are connected to form a ladder circuit, and each of the elements includes a film bulk 
acoustic resonator (FBAR). An FBAR-based duplexer comprises a first port, a second port, a third port, a 
first FBAR-based band-pass filter as just described connected between the first port and the third port 
and a series circuit connected between the second port and the third port. The series circuit i nclude s a 

S3 

90 DEG phase shifter in series with a second FBAR-based band-pass filter as just described. I 
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^5 0 d B^«SE$*ft*tntf*b>fcV\ 
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W^FB AR(D lo^Mt51»^ iOFBA 
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WS M 24, Sff zK— M 2 6^t> + T>-^^ • Tjf 
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4]fctf§fBffi«:7>f/U* 1 3 2^tt, h 1 
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m^^-c, ^^0^ 100 <dt>ti- • m 

2 8ll7Vrt (H**-f) KSaBcStU i£fi*K-M 

m 2 6 lagftat m^-f) <DA?)icmi$ii$tiz>o m 

l 3 3 2 £>fflii*gri£fl tt^tl* 

mfSmcX o T£ C5i£f§ ft »OJHttflUGBHKtFSMt « 

3 0,Rt>*l 3 211 MFBAR7W 1 0 2 ^r^tp^ 
ftWAS^/U* 1 3 OOiSJliKPaih^*^, §{f FB A 40 
R7W104 frgff «r«7 1 3 2 ODiiiiSr 
«fcli9, $lfS«7^;^ l 3 2 04&^ftftj&jh 

asm**^/^ 1 3 oo»is««f-sfc5«fc 

[0 0 3 2] 3S««r*7-f^ 1 3 0«CO 

^XUWirZ> 0 SSWHr*^ A^ll MFBAR7U 
>f 1 0 2tfflx.T*^*nTV^o MFBAR7W 

FBAR101, 1 0 3, 1 0 5i:MFBAR10 

7, 1 0 9 t&ffi?LTmf&£tlX^Z> 0 tt^lJFB ARtt 50 
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i£ff#— hi 24^7yft^-M 2 8<hOffi{CH 
?(ltc:»jBEStlT*3 9, MFBAR10 7I1 T—*t 
i4?ljFBAR 1 0 3 2&tFQ§[?lJ F B A R 1 0 5£>f!flCD/ — 
Yb<Dmz&agL%tlX^Z> 9 L^o-C. 
£\ F BAR 1 0 1, 1 0 3, 1 0 5, 1 0 7, 1 0 9 
Jl 21/2©^^lEl8S«r^L-CV>6o L*>U M 

tt*V\, FBAR7W10 2TO^ loCOffi^ljF 
BAR£ l^(Dft®FBARbX*:tl^timf&£tlZ>£: 
&(D%CRV< 1 ocOtt^J F BARXI^ 1 oO^SgF BAR 

3 0 (Dgf 1© 7 >f *ftt&Mff F B A R 7 W 1 0 
2^Mt51^fOFBAR^tt{C < tot^5o 0S 
;U1 #»£fl at»87^;WiFBAR10 5(O 

[0 0 3 3] #cf£ % Sftfflr*S7>r/^ 1 3 2 co«t(co 
V^SftWt"^o 13 211 SfS F B A 

R7Kl0 4ifitilSSftt^5o SrffFBAR 
TW l 0 4lt, »^ffi@K*»«rs«t5^SSK*ix 
fdB^ljFBAR 1 1 1, 113, 115^^FBAR 

1 2 1, 123, 125, 1 2 7 k &ffi fLXmOtS tlX 
V^ 0 jttJBFBARfl 7>ft'^-M2 8^bI 

Pico 9 o° mmi 3 4cosasfi5 < !:Sffi7K— h 126^ 
m^mmzmM£tix\s^ 0 mfbari2ki t 

— *£S:^JFBAR 1 1 l&^7yrt • h 12 8 
d^ll(7)9 0 a 3 4^S§PcoraoO/— b*h<0 

m^mM£tlX\<^ 0 ^KFBAR12 3(j:7-^til 
^IJF BAR 1 1 lMfi?'JFBAR 1 1 3H£>y — K£ 
<nmiZ&tSt&1nX&*), ^FBAR12 5li7-7^ 
ffi^ljF B AR 1 1 3RXfi]M&lFBAR 1 1 5fB<Dy — K 
i(DB«C«BISn-C*5 9. »BFBAR12 7|i7-^ 
<hltt?IJF BAR 1 1 5 $Lt>*§ff aK— hi 2 6(7)PflCOy — 

FBAR111, 113, 115, 121, 12 
3, 1 2 5, 1 2 711 31/2»<B»^ffl@fc«:»J*L 

ao*ttSfs*«^-f i 3 2o^fa«)7-f /u^wtt 

W§ffFBAR7W 1 0 4Sr«^t5fl*OFBA 
R(^^J;ot^5 0 
[0 0 3 4] 9 0° #*gS£l 3 4 t L-CfflV^CDtC® L 
^:lHlKH:aKRW^*3V^-CSfti-efeSo «ttf, 9 0° 
»*B*1 3 4H ^-O^^&^^x^XttA 

/ 4 e in 9 ^ ^ r « -r 5 r t & m x $> * 0 

[0 0 3 5] *n**t, ^{f^iS^^/l-^ 1 3 ORXfSt 

1 3 2<Dffim<D?>(su?!ftmmbtiz> 

i9CFBAR7Wl0 2X0^1 0 4 ^KthSrfi 1 5 
l/^/^HP EEs of Cor p. {C J: o XWM> $ tb 

rv^^-^-r ^ n y • > * (md 
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5) (Microwave Design System (MDS) , release 7.0(199 

6) ) tm$tiZ>ft%&<0^^ * njfctMbi'S ^—9 SrfiJ 
fflb/Co #FBAR7W^(OFBARIt 01 

(b) fd*-r«EIE$ttfe^^-!7-^-^V • 
5&(Butterworth-VanDyke circuit) SrfflV^T^e^/Wb^ 
tlfdo r^KfH^ ^13, H?8**iSfl:U FB 

AR7W 1 0 2, 1 0 4O ; ettm(^tt^FBAR 

tc 0 SSIWttU DM6i)^?aU- ^*fflv^#FBAR 
<OEE«#fi«^ ^ 5/ ^ (01 ( a ) 6 2 -Ctf-T) 10 

5, #FBAR*«*r6BE«*JK^*^^Ji©J»**: 

y^iW-jr^^p yis<D*rX y 7 Y • <i^2 (Mathsoft, In 
c.)^<toT|g5cSttTV>§-^^ • K8 (Ma t h 
cad 8) (CfStt^fot), 1 9 64^^-3-^ 

=1— • /yy^/v * r>- k • > y y K ® 

1 . 1 A*J (PHYSICAL ACOUSTICS PRINCIPLES AND ME 20 
THODS, Vol. 1A, pp. 239-247, Academic Press, New York (19 
64)){C&\,^X¥zfV ^ • • W (W. P. Mas 

[0 0 3 6] CDMA PCSM^M§]M10 0 

fc#>. HI FBARTK 1 O 2^«il^FBA 
R 1 0 1-1 0 5tt^TBIC*lBH«*«:«**^i:^ 
"5T«re£>9. MFBAR107M109{W*^^ 
BIU*««*ft«r«*.*ri:36S-silB'C*>So L*>U K 30 
?|J F B A R F B A R <Z>#=SJ5 jftft J: 

9$)3%iSv\, 

[0 0 3 7] ^T(©llOTFBAR^raC*lB««*S:« 
X.> ^-CCO^KFBAR^ii[?ljFBAR^*SjajK»^ 

1^1— *#SJSife^C : S: < (/sX."CV >k ^5il|{HF BART 
W 1 0 2tcJ;or#bn57^/^«H4<!:»S*5i£ 

^ 1 3 0(D7^;u^#tt«ic:J;otlj: 
i6MKl*S»*t>S>5. MFBAR7W 

Ht^fri u 2oa±©*45 jaw»t*t8 F B 

AR«r«*.T««"T«wi:*SpriB-e*>« 0 40 

[0 0 3 8] SfSfflr«7>f 1 3 2 (C^V N btl^FB 
AR7W 1 0 4 J*. ^-CPJC#|gra«[«*:«^^li:5« 
FBAR^ itIMFBAR^i«tim 
5. RI-*a«»»4:«^6»aFBARi:4r«x.-C«l 
«t5^^t^tfc5, L*>U CDMA PCS! 

WKDm&wmg i o o<Dm&, -r^* 1 3 2 

f 1 2 6t^^5Sflr«»^a-&*ttsa 

\,^5¥<Di&U'<;l>$.X\ T>"r~r • M28 M*5tt 50 
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Sflt«r«7^/u* l 3 2<Di£««#|*«e#B:. £ 
m%rt&7<4** l 3 O©3H»«»»tt»frJ:0 

J&L^fctf>fc.fc*p ^0«DFBARS4f^S^*r*Jffl-f^ 

BAR ^Til[?lJ F B A R fc H« 4 6 R C 

*j»W»S:«i5Sf|FBAR7l/-< 10 4OII1 

[ 0 0 3 9 ] 5ff F B AR7 K 1 0 4 m^t, CD 
MA PS CSSIlOSf3f«7 2 tmW(D7 

bar^ mK&mmmk&ffittfrftwtt^AK hl 
n f b a r i*£t m t&Mm$L$k%m*- z>^t &°imx 

£>3 0 *si-*lii. Sf|FBAR7K*«^t5FB 
ARIL ^»^U"C3oaJiO*3fc5*«ffl«««:«*. 
£:ii:#S*LV\, i^aotfi, ^ffFBARTV 
-f«rMt5FBARMtl45ftWSMxS 

[0 0 4 0] m^<Om<OW^, SffFBAR7W 1 0 
40ilMFBARlll, 113, 1 1 5(D&mm$i$k 
5 SffM7^;^13 0MS{f 
af*^^* 1 3 2^«pttSr-r>-^ — y — Zf1rZ>tz#>, 
MFBAR7W 1 0 2COfi?ljF BAR 1 0 1, 10 

3, 1 0 5(D&mffi$t$t£Q hfaS OMHziSV\ 

[0 04 1] *ac{C*oT > -jRWft£EWi_bJC»f^S 
*U*:^< o^tl5MFBAR«^^*SF BAR 
TWa*»ig£;ft/rv^ 0 iffFBAR7W 102JI 
tfgff FBART W 1 04 £ L-C\ C^Jz^^ftttF 
BAR7W*ffll/^:i:faot, ffifcT/hSV^iSS: 
9M»1 0 0©«^5flr(*ft:^ftS o 03 (a) >Sl 
t^03 (b) te. FBAR7K10 2M104^ 

£*lfc6oc£>FB AR 7 2, 7 3, 74, 7 5, 7 6, 

7 7^t«Jtl6FBAR7W 7 0 SrSc-fAKf 
g]-e£>5o [Hi (a) |:*fi-FBAR5 0iBl« 
M> EH7 8^i/y nyS«8 2±^M$tl/Ox 
^8 0©±l^ Z(DmUXi?,bthX\s^Z> 0 1^8 3, 8 

4, 8 5, 8 6, 8 7 3&SEEWi*SOS«^e>i8BB^<fl5 
#MKg£*xT^5o 0 3 (a) ^Jft^^jh/fcSffi 

8 8MtS8 9^ ffiHM^if^IL^(c: 
BEtt£jh/r^5 0 FBAR«JE«B<DKlffl!l*HO«1l^ 
fi*6<kr^f^j*£;ft5o Mill FBAR7 2|j:f 
^8 3fttf«ffi8 8*52^5 i-^^figStLTV^^o 

[0 0 4 2] SS8 2CM^ttfcf-^^^8 0 W 
lT6#S&tt#^ LT\ 1SCFBAR7 2-7 70 
^etif 1 Of 0(Dft -> x/U^Mf ^ ^ N FBA 

FBA R (D^ttl^tl^m^KO & z^/V&WLVf Z> r^cfco 

FBAR^Q^iK^D, ff^gtt^fSjJi-r^o 
[0 0 4 3] FBAR 7 2 — 7 7 (D^ti^tl<Dffim&&k 
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m-e^sti-c^s. m 3 tzTF-r f b a r <Dffi$mm%. 

Wm&mmtlrttMcfrteQ^it&tiX^Z. 

*;h/O*3#B*Wt«*0 9/2 8 2, 0 8 2^i 
KfE«£*i"CV>5J:5{c\ HKS<df B ARI4, TfctK^ 

^/yr^tt^^^t^ £*>*^ fb 

AR7W7 0S:irict5FBAR^ — j&K, ffitt** 
[004 4] MO. 8^^mm-e> J¥£0. 14ram(D 

-c\ ttu^niJSSWoiftB i oo^fbartk i o 2 
at* 1 0 4 £#s n £ a*-5ifle-c*>5. 

[004 5] FBARTW10 2MFBAR7W 
1 0 4Sr«^"r^fiSUFBAR(7>«H±rt, j£m^£>J¥£ 

F B A R OS^O ®a^t>*J¥ ^l-cto 5o 
09*.li. iaFBAR7W7 0^ F BAR 7 2 
©Wtttt, ffH7 8 0f$, 3 ^m®8 8 t<D 

[004 6] FBAR7W70»t6FBAR 

*4, *iiffi®i7 8£*/BLTv^<D-e. rwrt(c*5 

^SFBARC^-tiX-ett^ftfijaKSli. FBAR£Ol 

[0 0 4 7] ^TOiE5lJFBAR^HC*fiiS»[«S:« 
*-T*5»K *Lt, ±WMFBARfflWS)IS 
«*«^^o*^*^jK*^ia?!|F B ARO*SSJBt 
*t FBAR7W10 2W104^1 
1!S«£ U^^6iiFBAR7W 7 0 OHJSfS 
< £ fc 1 oc^mffi^^K F B A R <Dttfc1r 

%mm£vhm< ?m#s§fb AR^ter 

^fCcfcoT, »KFBAR<0*«a»[*^ii[?BFBAR 
©*««tt»CjtL-CficT-*-S« ^T^IIFBAR^ 

BC#^»fRt«*^-tO*«ffltt«d*DS[5iJFBA 
R©*fiffl»S^I4ll4S, »BAR7W<D|ff 
l£!&mk£tiZ>yvi>:x&, ^X<K>¥ B AR^|s3 Cftjg 
Ji&f££:«;c S|«FBAR7W <£>«m£i&35 £n 

[004 8] F BAR^\ ikWt Lt, CDMA PC 
Sgf^9JM»^tl6SlfFBAR7W 1 
0 4 0||%tt«a X 0 fc, 3 o£JL±<0*««»[*S:fl» * 
5FBAR7W10 2 0 4 0||J6ffi«i;iJBV^ 

*15F BAR7 W 7 O^^ftJSim FBARCD1 

IxtV^>5o ^0<O««FBARrW3RfPS«SrfflV^ 
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W tC*3 W- 5 F B A R ©fcfclWltM- £ &fiS *L £ 
rirdSnrtg/^ CDMA PCS^g<Di^^&g(C:}o 
lt5$fiFBAR7W 1 0 4£ LTfl§V^*t5*»F 
BAR7W ©«»IB«S:«f^i-* ^ £ teffifS-Cfr 5 0 
L*»U :©i5iatSflFBAR7WS:!tfft5 
^> S^MlOOfc 2o^)FBAR7Kl02 
RXfl 04 £9 0° ©ffi^l 3 4 Stucco 
T\ i£§i501&S& 1 0 0 XaS®/MgKfflj;t btl% 0 

E9 4 (4, *5SW<o» 2 ©|fe»?l!flBfc«-5i36a9J«»«r* 

VcXtrZt, »£*:#V\^ ^SflFBAR7W2 
0 414, 4 0 ©I«F B A R 7 WSfTOBtffl V 

0(4, cdma vcsmW(o%g:m&$kb\^x<nmm 

\zM^h<o^%7 j ^9^*m?tx^z>tiK mm 

FBAR7W 2 0 2^§ffFBAR7W 2 0 4 
f4, Pj^fc. ^T*WC*^tt*«:«*6a3«lFB 
ARi, ^Tri*, I^JFBAR^SJIMtim 

20 ;ft^«/&£*VCV^ 0 rtL(aot, FBAR^ft 

AR^ F B AR7 W 2 0 2^2 0 4 WMtli: 
IrXm^Z^btf-ZSmiZteZ. -5Uc$SFBAR7 

wt4, FBARtD&x&mc&mm&ik&ffizLX^Z) 

FB ART W S:8fft 6fc*©^nt ^ t tb^t, HR 

fc*^r»"c*>s. ni2^t> + iii4^a«-r5^^^iwi- 
[0049] m&mms 20014, mm m 2 4 , 

30 SffTjf-b 1 2 6M7yft-^-b 1 2 8*ix.fc 
3 MSS-Cfe 19 , 9 0° #11^13 4, MFBA 

R7K 2 o ztt-rzmmmm? << 2 3 o&tfg 

ffFBAR7K 2 0 4*-&tffifS«r«7^^^ 2 3 2 

£fit;tT«j«$ih,-Cv^ 0 ^{f ztf- hi 2 414. iSfSW 
«7-<;v^^lt7yft • hi 2 8tcsm$n 
TV^o T^TT ^-M28l^ LE^J*^c^^t-9 

o° ffimRxr&mm)&7 4fr**4t\*x&mifi-- v 1 

2 6tC@^£tl/0^<> 

[0050] pc ss^g, ±/^mMx^m<omiw 
40 mmmzm^btiz>m&, H2fc*i-t>o£ra«<Bi§M5 

2 3 3 2(Djii|l^%4, -ttt-P 

mmmic£^x±czmim^(om$imim&vt§: 

ffi^c-r-Bo m^^jo^, «rtt^-</u^ 2 3 o^t> + 
2 3 2(4, mi^mm? * /i>* 2 3 0 co!$JSRPutffi« 
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^y^^<DimmK±mmK asm**** A'*© 

5iia^r« t J: 5 $ tit v > 5o 

[00 5 1] #cK, g««f«7 ^/^ 2 3 2 {do^Tfft 
Ml""*, ^f^^/l^tt. SHFBAR7W20 
4 , m^mm^ #24 1, 2 4 3 RUft&ffi®^ 

>y?*2 3l, 2 3 3, 2 3 5, 2 3 7 £:fif;iT«££ 

SiVCV^o SBFBAR7WH:, tt^FaiSni&MK 
f 6J:'5^jK$tt7^it:?llFBAR2 1 1, 2 13, 2 
15^, 5)KFBAR22 1, 2 23, 2 2 5, 2 2 7 

1. H9IFBAR2 1 1, 2 13, 2 1 5 AUVftlffigb 
^fy^^24 3lt ryrt^-M2 8^?>»B 
CO 9 0" ^ffiSgl 3 4<DigS5£§{f7K-b 1 2 6 £<E>fM 
fcBJKcStlKSiX-CV^S. »(SFBAR22 1RW»B 

mm-or?* 2 3 r-*£tt3ajw*>r 

1 4 1 S-t/fi? 1 ] F B A R 2 1 1 mo/— Fb<om\£iSM 
^SSBc**tTV^o »BFBAR2 2 3&t«MSMtt>r 
>-^^ 2 3 3f3\ ^^ii:?ljFBAR2 1 1^2 

i 3racoy-Ki<ora{cii:?ij^jgg$tLrv>§ 0 mf 

B AR 2 2 5XtJ^B«ft>f>^^ 2 3 5 T— * 
irtt^ijF B AR 2 1 3&0<2 l 5 J — K£ cDPflMfi: 
MESSRS tl/O**. 5)SFBAR2 2 7WMi|] 
^#5 2 2 3 7«u T— ^irtt^JFB AR 2 1 5&t>* 

i^£*lTV^o LfcjftSot\ El4tf)*g\ FBARM 

^#2 9 te> 3 i/2a«6^-SlHlK**-r «t 5 tcffi 

Jfctt^ S«*Br«7^/U^2 3 2(03fa*7-f^«H4 % 
SfSFBARTW 2 0 4^Mt6«JFBAR^ 

[0 0 5 2] FBAR7W2 04^ IJIJFBA 

R211, 213, 2i5ii. ^tnc^unkftMi 

t ^FBAR2 2 1, 2 2 3, 2 2 5, 2 2 711 

BARO*SH8ft(i, »KFBAR(0*SjajK«J:!) 
«J3%SV\, IH3 (a) RZ$m3 (b) [^t*«FB 
AR7 W 7 0 i»IiF BAR7 FBA 
R 2 0 4 ITil/^Wi^ 

[0 0 5 3] FBAR7K2 04-C^tJ:9^ H^i 
F BAR 2 11, 2 13, 2 1 5 <D 1 OtCg^£*L&^ 
^KF BAR 2 2 1, 2 2 3, 2 2 5, 2 2 7(^1^ 

^y^^ 2 3 1, 2 3 3, 2 3 5, 2 3 711 ^tlf 
tl, »iSFBAR2 2 1, 223, 225, 227£i£ 
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[0054] Hi (b) iC7jk1rFBAR<DmJE£tlfc/< 
ot^-5J:5l-> fflgb-O-y^^SrFBARCDJg^ 
FBAR«ttW-f l/???^* LK&Z$ftV&**s<i/ 
*>-^a3 2O0£fc£^JI N f*fot>^ F B AR Ottt 

10 AR©»JlJ*afl»*^#Ltr < 

[O05 5]iWy^^2 3 1, 2 3 3, 2 3 5, 
2 3 7»t, Sf&»«^-<^^2 3 2Sr«J5KfSF 
BAR 221, 223, 225, 2 2 7 ^ffi^SJ^St 
MMStfofiT*-fr5i, FBAR7W204 
tC^t^^TOttt^ijFBAR^, HC#SJaR»4rfii 
X, FB ART lZ&tfZ>±X<D<ft3&F B AR^, [rJ 

20 6 0 

[00 5 6] ii*DB:?iJ#««, M«J^ f^xkft 

(additional null) 0 tfigb-Y is & ? # > X <Dl& 
tt. aUo*fiffl»RBcS:KSU TI5^jS^:M«c7)io 

30 ««««W6H^j3V^-C»^ttfc 5 0 dB4rSiS«SSr 

[0 0 5 7] _b|B(D^^Ht:^-^«. i£Si?J&3s2 0 
O^^TvWfcU FBAR7W2 0 4«f6FB 

ARft 2ooa*5*lB«jSt»/^L^Hii^-cv^v^ 

Kfc SffiW«7>fy^2 3 2td*Ogfa^ 

?4,\,*!m&m^%m*4^?9Z23\ t 23 

3, 235, 237, 241, 2 4 3^ftSt6fc 
40 fcKflJJB£;ft,5o M*^^*^^ 

0 nH-Cfc^ F B AR^i«^ >^ * >-X L M f-Jfc 

K^S-O-^^SrfiJfflLTfc. FBAROS?lJ*fi 

[0 0 5 8] gftStCte, ^Kttaj-f >-^^ ^231, 
2 3 3, 2 3 5, 2 3 7 O-^tl^tt^)^ >-^^ ^ 
tt, F BAR7 W 2 0 

50 >^^^>^^^MFBAR7W 20 2^ 
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tfFBART W 2 0 4^gJM2 0 0 &m&tZ 

t5h^-^"C*)o/c 0 £ hkC^ FBAR7K204 

[0 0 5 9] ±B©i5lC, H4^4i^ Sffi FBAR 
7W2 04^IMFBAR2 11, 2 13, 2 1 5 tf) 
±E<0iS«*«:7-f 1 3 ORXf&m 

m&yj/i'f 1 3 2(D&vk*'<>?-v--?-rz>tz.}sb^ 

atFBARrW 1 0 2C0E1?IJFBAR 10 1, 10 

3, i o 5<o&mmmk&*>ms 0MHziSv\> 

[0 0 6 0] ^TOfflJ^td*5V^T. Sfl»«7>r/^2 
3 2tC N *fS>f>'^*2 3 1, 233, 235, 23 
7 , 2 4 1, 2 4 3 <Dr£T^£nTV^£>^i4&V\ > 

r o Ltcm^co^, m 2 t^i-^ i <DmMJtm<D£ 5 

[0 0 6 1] mmft&yj/l'? 2 3 0to^tR 

$(0Q«rtifeFBAR 3Wlffl?rtt"C*> 
tlfcf. iS6ft»«7>r^# 2 3 0^ LT\ El 2 fc^-ri£{f 
«*^/U<* 1 3 0 ^HCfflr«7-f^SrfiJffl"r5r ^ 
^■aflBfcft «. ^OQM^FBAR dSflJffl 

M^7^/^^Lt, H4fc*1-«fc3ft$M5*f 
ft-f * «r*t?«ric4r«fflf 5 r t # pftB-efcSp 
MFBAR/Wtt, »^a!iaK«:»j«-r-6J:5M* 
M$tUfc[i:?ljFBAR2 0 1, 2 0 3, 2 0 5 £:£S§F 
BAR20 7, 20 9k&ffijLXmf££tlX^Z>o 
FBAR201, 203, 2 0 511, iUff M24 
irT^^^ • M 2 8 i^OlB^ittW^SgKSnao 
»BF BAR 2 0 7&tf#g&ffltt^^* 2 4 114, 
T — ^ DIl^iJ F B A R 2 0 l^t/2 0 3H<£>/ — K£tf> 
B(CiiGWtC««S*tS 0 »KFBAR2 0 9XWBSi 
ft-O^* 2 4 3f4, 7-^tt«FBAR2 0 3& 
0*2 o SKKoy-Kirorat-K^J^JBcStLSo 
ot, El4tf>»£\ FBARMSW^^^^^ 

[0 0 6 2] S6ff«f«7-f /U^ 2 3 0<B«^S!I§IBK*3 
tt«g»M4. *RWl£fcoT«*-CttfcV\, sMIirStt 

s^s^»xti«#s:^*f4. &mffit£7'</i'*<Dffim<D 

SfSFBAR7K2 0 2»t5i 
^FBAR ^tt&O'ffift'Y > ^ * J:o"C 
»45o #S&-i4. i^ff^/l^teff^JFB AR 2 0 5 
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[0 0 6 3] mt^y-i^? 2 3 0<D7^/ls?$fmz 

«>, i¥SW*lftMf41Sx.5r < !:»ci-5 0 

[0 0 6 4] ffl«J^>-^^^ tiim««^^/^^2 3 0 
^8FBAR2 0 7&T>'2 0 9 (O^fl^flt <Om&Vfe 

m<DitmmtLXs i-s^^^^^bfb 

AR 1 0 7&tf]. 0 9<£*i§T— ^g»24 5 SriS^Jd 

»MrFBAR^itt?IKC«8ttSjxSi:, »*«fc 9 i«VV«# 
[0 0 6 5] Bl 4 fc^-fiSSeJlfcS 2 0 O^o h^^f 

^sawB«-ei4. h 1 2 4ir>7t • 

b 1 2 8 ^ffl^fA®^, 3&«*«<&:MR#K*>fc 
oT 3 d B*SjT?fcofc 0 3^1 #— h 1 2 4^5>S{S * 
20 -M26 *T?(^^«lf4. 5£{f &i&<D±&MCfrtaX 
5 0 d B SrS*., Sff fWcbfco X 4 6 d B 

[0 0 6 6] ^S9J^2 0 O&M&'TZ^m&yj 
2 3 0JW2 3 214, Iffffitl^fcot 2 17 * h 

[0 0 6 7] &9gffllC£Z > 7 p u h^^7 P ^)FBAR^ 
— ^(CUfci^^J^§J4, (A Miniaturized Dielectric 
Monoblock Duplexer for 1.9 GHz Band PCS Tlelephon 
e System, 96 IEICE, no. 349 (CPMG 960103), pp55-60 (199 
30 6))fC;36V^T. 7V— T 4 — 

JbjJ^-y^ * -^y^t bft(T. Okada, T. Tsu jiguchi, and H. 
Matumoto){Cj:o"C^Ife$ttfcCDMA PCS (D 1 9 

ooMHzt^; y $ &Mmc&&m&mm&(ottM(D 

OF B AR ^ L /c^S:^]^^^^ jx - 
(4. ft8mmX5mmX2mmtfc^ Lf^ot, ^ 
a f ^ ^ 7°0 F B A R ^ L tSS^M<?)*« 

14. ±E-fe^5y^aSa«J««^»l/14^*S 0 t 
9S9f*^irl4. h^>f /(DFBAR^-^tCt 

40 f-m^wmxcDft ztiK ^=7Xy? ^mm^com 1 / 
— ^>b"C{4/cev^^v>9^"efe^o rtt(4. pcsi 

[0 0 6 8] SAWm^mm^ *3SBi:«t5^nh 
^^^FBAR ^-<-^ Lfci£§^3&3g£ fSJS K C 
f--t r XSr«xTV>§^ > SAWStTO, ^fc\ C DM 
APCS^20MHz§lS^n-/U • t7lfr^I 

50 fei-o^^3?*«*®atB*xr^^B;v^Q^5lms^^Tv^ 
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£>Klte, 2 ofiJUiO S AW7 -f /U* L4tt*Uift 

[0 0 6 9] J: 5 F B AR-<-^OlS W 

-Cfi, tilfilOFBAR7KS:«StSFBAR© 

<»W&/( —m^b 0 Q-C&6 0 5 0 Q 10 

<D#tt^ is {C^fcHtTgff FBAR7K2 

04tRlft6riiaot, SW-H2 6i:B» 

L^BFBAR2 2 7(^t>fX^ MFBAR22 
3&tf2 2 5i9^ft9/>*<49, 9 0 8 «13 
4lCg«&Lfc:#S&FBAR2 2 l©t>fX^ 2 2 
3&tf2 2 5 £9'h3<&5. »BFBAR2 2 7tt, 
^<DiMXaS/h£< 451 fcfcfcoT. Q«^FB 
ARJ:5t^45fi<45 0 F BAR 2 2 7 CDQ#M6T 

-rzt, stmrnftrj/i'* 2 3 2©7^w«nt« 
-r^o 20 

[0 0 7 0] H5fi, **W©»3<D30BK*^«SiS6 

s«j«»3 0 ot^-riHiKia-efcSo 

§<IS«7>r^3 3 2^ 5 0Q«tt^y^- 
^V^Sr«x.-CV^5^ Sit F BART 3 0 4 
BFBAR3 3 7I1 ^X»WBFBAR2 3 

3RU2 3 5 tmmcDm^mm^m^xm^tix^^ 
6 s ^-r^s^m^ 300 cD«j*9iiBtt. [r] z&m 
s&-r5o 30 

[0 0 7 1] if»3 0 0^ ^^>-fc 0 -^ 
^^{^ F BAR 2 2 7 tmSmCltCflktztl, Qttu ^ 
— FBAR(D^2fg : C7)®^^ffixL5 2 0<£>F B AR 3 5 

i2W3 5 3(om&mi&zmmi,x&m&tix^z> 0 l 

fdSot, FBAR3 5 1W3 5 3I1 S^FBA 
R 2 2 3&T> + 2 2 5CD2f£-e£>9, Q IS fc o <!: ift < /«£ 
5 0 iS*ttt, l3^Wi-Cfe5 5 0Q(7)#tt^ 
^tr— ^>^4:«*.*:a«9I*»3 0 0I3\ l2 0Hffi 

ifcg&2 0 0J:9 t>«*tfc7>f/^«ftt*r«*.a 0 40 
FBAR 3 5 1^03 5 3(D©JM^ M — F BAR 
2 2 7<7)4{g<D®^tCW;i3 c> 

[0 0 7 2] mg.mm&3 0 007^Wi«H4(OSb4 
5&Hf^. *-/M®FBAR-e^4<, HRMIAfctt 
-T2OC0FBAR3 5 5&0*3 57£FBAR32l£ 

[0 0 7 3] g?IJ{:gS^iltFBAR3 5 l&t>*3 5 
3<hFBAR3 5 5M3 5 7<hlt -hlEcD J: 9 KBS! 

?'JfC^ £tl1t FBARfUo X'&mtM > \f—yis* 50 



2001-24476 

18 

*#bh5i*fcl4, FBAR3 5 1S(;3 5 3^ A 

tez>mmz-rz>~t&-°tmx&>z> 0 ua»u fbar^ 

■pnittW^SBK * 3 OO F B A R {C X o tfi# 
fcixS^— FBAR<o«IS3fflFOEISS:iBx.5. EH^J^ 
SJBcSixfc3o^FBARS:fflv^wi:icj:o-C. Q£ 

[0 0 74] FBAR7W^ FBAROfgO-* 

ARXliF BARS/ls-7 p <D&Mffl&mmi£i$tlZ>m 
9FBAR7W (CJ;ot||ft$ti^iiI^o^ 

t, frWJi(omwzft<>x%tLi)K ^ti\tt&wtzb<? 
xmmxn^\ ±m<DXo^ FBAR<B#fijssas: 

£6 0 ^^^^^A^Stmtcio-c^at^^ix^ixA 
^ 3/ ^ $ li> 

^^©«««j|ESitt:A**« Km#vm*9i/*<Dm 
^ttzmztmrn <om&<Dm&tt ^ss^fbar^i 
micmv^xz>z.k&-*imx$>z> 0 mmumc^n^ 

lWU«i:(iI45o FBAROtffiO-^XfiW^ 
fi^#£ff££r«JE-r5£, FBAR©Ei»fiB^^ 
S/^cr>fi^##i?$. Lfe^oT, FBARcD^lgj^iK 

«atmSr*a<oA4StfW-*3Et"S*\ X 

xmm<omfrtt%mz&mKir%~k&^mx&z> 0 l 

ti&^X, FBAR7K 2 0 2^FBA 

RSri^t5iaFBAR7W7 0^FBARit 
tBW*t«*.5I t^prgg-efcfp, FBAR7W 
2 0 2^FBAR««*iFBAR7W 7 
0C9F B AR<Dmt&te. ^Tt\ S?ljFBAR(Dl?$^g 
£6J¥£-efe 9 a>o|^ ^r{i^5C bfr ~*imx& 
5 0 L"C, FBAR7W 2 0 2^l|FBAR 

^Mt^ttFBAR 7 0(OFBAR(OlgMFB 
AR7K 2 0 2^KFBAR*«^t5**FBA 
R7 0OFBAR(^iM, fflffi<Dm-£<OMteZ>W&$t 

«rffi-efe5o 0ijf b AR^i®^iS^^(t5f 
^FBARom^s^^-^tte^cto 

ti<46tM9o 

[0 0 7 5] I^tetaot, *^K^JIiE^^5^ 

$ 0>«Hrtfc*3V ^^^^ 4HKE«:ltt 

[0 0 7 6] KTfc:* ^RM^IUB^flBSrSilfil-fSo 
[0 0 7 7] 1. mi<Dtf— K Wt2<Dtf—hRX$m 

3(D7$-hk^ mmmi&tf-hkwimm3<D7$--hk 
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(FBAR) **<S*ixT^<5#l(D#« 
rj^fts HuE»2<D7l*— hi:i(rEft3^7tf— hfcO 
WHSBRSn, JB2<D**7-<^^itt?!IS:*-t-9 0' 

*t-e*t^*«k^^*«*«» (FBAR) Sr*-T5» 

[0 0 7 8] 2. iWBFBAR**iV : eiX*ajatt* 

ttSHWBFBAR^ ^rr, mc#WHWK<4l^ ffi 
Cft l ^«r«7 ^ /U*(0ffiE#&*^fc:***L5«FEF 

bar^ «rSSii:?>J*^-(-^ttsstrffiFBAR 
j:EiE*t<&2SSffl*», 

[0 0 7 9] 3. WIBlB2<OW«7-f/V'^(^HfrlB* : ?- 
K***L5TOEFBARjfl*, ^fr^LT, 2o©H45 

*i^K3££«;t6 ±e 2 tsm<omskmnmo 

[0 0 8 0] 4. ttnBJB2^>flftt7^/^<OttE9R?- 

[oo8i] 5. wmm^^^y^/u^commm^ 

K***t5IWEFBARa«. ^T, JtttSJHKMttflfc* 
fig * 5 ±E 2 E*0>i£§:iiO&S o 
[0 0 8 2] 6 . ituE^*^ ^ ^ (DWfRXWptj: 

* * #* * ft 5 _b|E 2 etta&sgj&sg. 

[0 0 8 3] 7. Sij|Bm2cDffi : ^^^^^(7)Hfif5ii:^J 
*^e£**l«*rEFBARa^ £T\ 1*1 C*tgJHi&3& 
mJlS^2co^^-Y^^otutE^m^ L ^^ 
*X5t&EFBAR#. ^"C. «rtBJS2<0«r*7^/U*^ 

mEi»j*^^*ns«riEF b ARo«re*»a»[* 
[0 0 8 4] 8. swa»i^fflf«7>r^xtrt(rE» 

2©»«7>fyu*^ tnfft, «f«±IRi:**TISi: 

^tmE*«Tis^-^^ s(fEm2^#«7-f^^ 
mm^t&Tm&mcmmm 2 co^y^ ^ /u* <affirE«tt 
[oo85] 9. mm^mm^-co 1 o^-&*tts«fE 

F BAR^\ g!l<7)FBAR£, fuEf lOFBAR^: 
iS?IJSr*-rm2(DFBAR^ > %ix5±Ifi2Et^i 

[0 0 8 6] 10. mflEFBAR^. *ft«X % #S 
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E*^-«C&*iX*«rlEFBAR^ i»iut, 200 

[0 0 8 7] 11. StfEFBAR^ Ztl^tl. #Jg 
«JBt«S:«x., iuE^^/^^'^jK £t> loot 
E^fc^SftStfreFBARj&s. tt, 3o« 

±<Dmte % &mm sassc£fis * 5 ±e 1 e«o sig^m 

[0 0 8 8] 12. tijgFBAR^ -t*L-e*K #tB 
10 «TE«f«7-f/U^^>*< Hio^i 

ISi^^tl^iEFBAR^ »*5#fiJ3 
&$c£rfifx.3_hE 1 E«*oH&»SSI«* 

[0 0 8 9] 13. SffE^tt^^/u^oaWB*^^ 
ft<Hioi:, -ttt*^*ix*«rEFBAR 
t mwZtelrffi^ y?? 9 aft*** £±E 1 E«M>2£g: 

[0 0 9 0] 14. 8uEft2(D^r*S7^yU^COHuEli: 
*]*^***L5«TEFBAR#. mtftamtt 
m»2(Z)?Br«7-f^(DffiE^*^^* 
20 Stt^HuEFBAR^. «IEft2 0#«:7-YA^ 

oWEil^J^^**n^attEFBAR<oME*«H» 
Wt*iRffljft*«r«*Sj:El 3E«0 

[0 0 9 1] 15. BuEft lo»«7-</u#XWl!(rE 

ft«*-C*3 9. StrE»i«)W«7-</u^©B(rEffir*-blR 

xt«wa«r«TiBo-*^. swa*2<ow«7-f/u^<o 

WE«r«JilSRt5aE»*TI8^t> «9 . m 

30 Sffi»l<Z)»«7 ^/w^c^tuE^±IS^t> + 

*FE#*TI«tet«cjWE* 2 ©»«7-f;^(D|([Bi* 

i5_hEl3 E«O^§:^0^ o 

[0 09 2] 16. SuEM^ iuE^SS 
*^lo(c**tt^l9EFBARi:iS?iJSr>iLTV^ 
±E1 3 lESc^^Si^m^o 

[0 0 9 3] 17. ME^IS*^ 1 O^S. BfjE^2 
©»«7 ;u^^)|fE»B*^.l o-C*5±SE 1 6E 
40 ifeo^s^g^o 

[0 0 9 4] 18. ME^K^^lOtC^^iX^HU 
fEFBAR^ IlcDFBAR^:, tulSll^FBAR 
^iWS:ftt»2(OFBARi:, Sr«*.5_hE 1E«<^ 

[0095] i9. *b*c, atrE#*7>r^^ft 
< fcfeiotcfe^5«rE»K*^2o*cjEt^a#si* 

1 E«co^§:§]m^ 0 

[0 0 9 6] 2 0. *«7^/^j6S v ^m^-ir, OK 

50 nm^t, «r«^, HuEa:^j^^t> + HuE^^^^ 
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^titmm'^t&m&mm (fbar) 

[009 7J2 1. huIBFB AR^ ±ftt LT, 2 

[0 0 9 8] 2 2. fffSEFB AR^ LT. 3 

[0 0 9 9] 23. fllEFBAR^. 10 
[0 10 0] 2 4. HUlE^O^/^< £<b lotf5 N £ 
^ * £«x£±E 2 0 Ett0££«)&S» 

[oioi] 25. khefbar*, -^tb-eiX, 

EFBAR<DSWB*««»*^W:»tt«. W C^MMfe 

[0 10 2] 2 6. NK/^A^raftSV (FBA 
R) O'>ft<itlo^ «&<DFBAR£#^K3fcd5 
»*oTV^ FBAR«*irW*e$)oT, Jg2CD 

WMt, Srfitx.. BUfB»2<Z>«ffi0 1O3d«H(rtB*l<0* 
S(Oloti45fifil^ 8trEFBAR<Blo*S»jji£ 
*U BulS<lfe<DFBARi:*fija»»^«*5«rlBFBA 
R<Z)lo«r»*i*5tWa»K^ fulSffecOF BARiS 30 
StSiBi^tSil^tffS^SFBARi 

[0 10 3] 2 7. flfrEte©FBARfc#JBBSMfc&« 
M^5f5IEFBAR^lo^^c-r ; 5mjlEm&^ tulE 

[0 10 4] 2 8. flfflEFBARjflS, SH^S^S 

;L> ire^K*T-*:«J58;-rSTOEFBAR<0«rE«B 40 
^a^J*^4«^i-SH(rEFBARC0HuE«ffi^ 

fit;L5±E2 6Ei©tt!7W. 
[0 10 5] 

r i:^-C#5. ir^ * ^ • AW 
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[Ell] (a) IS. «WK/^U^*«*«# (FBAR) 
OWMID-Cfo^, (b) FBAR^^WBiaKSrSi- 
HKH-efct). (c) 14. FBAR^yfc-^| 

[0 2] *l^|^^ffl^«5aSS«3|Jl»Sr*-t-|aKH 

[El 3] (a) a, **wjc«tsas5«j««&at«f*7 

9 , (b) tt. *»W«cJ:SiS*9J« 
BAR7K £^ii&r®E)-e&6o 

[in 4] m2<ommmm^m^m^mm^i^irmmm 

[El 5] »3<D*ltegJIB^«sa6S«I««S:*t-|sIKia 

[0 7] a6f9»*A^smw*oK*«fifcsr*-r, j^k 

5 2 ESS 
5 4 ^zc/U 
5 6 ££ 

5 8, 6 0 MM 

6 6, 6 8 m=f- 
ioo 

101, 103, 105 ffi^ljFBAR 

10 2 MFBAR7W 

104 SflFBARTW 

1 0 7, 1 0 9 ^FBAR 

111, 113, 115 IJIJFBAR 

1 2 1, 1 2 3, 1 2 5, 1 2 7 #3§FBAR 

124 mm h 

1 2 6 h 

12 8 T^"r~)- • b 

1 3 4 9 0° ^ffi^ 

1 4 5 ^iffigtfl 

2 0 0 &£«J&8» 

201, 203, 205 KJlJFBAR 

2 0 2 SffFBAR7^ 

204 SffFBARTWf' 

2 0 7, 2 0 9 5)8FBAR 

211, 213, 215 ffi^JFB AR 

2 2 1, 2 2 3, 2 2 5, 2 2 7 #2§FBAR 

241, 243 mm$h<4^w ? 

231, 223, 225, 227 Mift^V^^^ 
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